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Abstract — In this study, acrylic resins with solids content of 75% were prepared by addition polymerization of n-butyl
acrylate (BA), methyl methacrylate (MMA), 2-hydroxypropyl methacrylate (HPMA) and acetoacetoxyethyl methacry-
late (AAEM) monomers. At this time, the glass transition temperature (T,) of the acrylic resin was changed to 20, 30
and 40 °C, and the hydroxyl value (OH value) was changed to 60, 90 and 120. As a result, the viscosity of acrylic resin
increased with increasing T, and hydroxyl (OH) value. The synthesized acrylic resin was designed to have a high cross-
link density to maintain high elasticity and high durability. The crosslinked acrylic resin was used to prepare an acrylic
urethane clear coating by curing reaction with a block isocyanate (Desmodur BL-3175). The physical properties of the
clear paints were analyzed by measuring viscosity, adhesion, pencil hardness and 60° specular gloss. Acrylic urethane
clear coatings were prepared as specimens and evaluated for various properties to be applied as top coatings for coil coating. The
prepared coatings were excellent in adhesion, excellent in 60° specular gloss and pencil hardness, and eco-friendly.

Key words: High solids, Addition polymerization, Acrylic resins, Acetoacetoxy group, Block polyisocyanate, Acrylic
urethane clear coatings
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Table 1. Polymerization conditions and physical properties for synthesized acrylic resins

Monomer (g) Solvent (g)Initiator (g) Chain transfer (g) Rection condition Molecular . . .

Sample - - ; - ; . Temp Times ;F Viscosity Weight Dispersity Non-:olatlle
MMA “BA ‘HPMA°AAEM 'MAK  SAPEH MCE ©0)  (hn) O (@) gy MwMn) (%)

“ARAA-6-20 23.79 5230 13.9 10 333 5 4 130 8 20 3,700 3,830 1.4 75.10
ARAA-6-30 1793 58.13 13.9 10 333 5 4 130 8 30 7,400 4,150 1.5 74.80
“ARAA-6-40 1244 63.66 139 10 333 5 4 130 8 40 8,500 4,490 1.6 74.70
“ARAA-9-20 19.76 49.38 20.86 10 333 5 4 130 8 20 5,800 3,940 1.4 75.30
ARAA-9-30 13.09 5525 20.86 10 333 5 4 130 8 30 7,000 4,260 1.5 74.80
“ARAA-9-40 841 60.74 20.86 10 333 5 4 130 8 40 12,000 4,500 1.6 74.70
“ARAA-12-20 15.73 46.46 27.81 10 333 5 4 130 8 20 7,200 4,140 1.5 75.10
“ARAA-12-30 9.86 52.33 27.81 10 333 5 4 130 8 30 9,500 4,410 1.6 74.80
“ARAA-12-40 437 57.82 27.81 10 333 5 4 130 8 40 16,000 5,590 1.8 74.90

ARAA : acrylic resin containing acetoacetoxy group
®MMA : methyl methacrylate

°BA : n-butyl methacrylate

4HPMA : 2-hydroxypropyl methacrylate

“AAEM : acetoacetoxyethyl methacrylate

MAK : methyl-n-amylketone

SAPEH : t-amyl peroxy 2-ethylhexanoate

"MCE : 2-mercaptoethanol

Table 2. FT-IR and 'H-NMR chemical shifts of syntheic ARAA-6-20

Product FT-IR (NaCl, cm™) "H-NMR (400MHz, CDClL;, § in ppm)
1.0: CHy-C
acrylic resin 3,510: O-H 1.4:-CH,-C
16 1.6 : C-CH,-C
containing 1,727 : C=0
1.8,2.0 : R-OH
acetoacetoxy 1,152: C-O
roup 1,073 : OH of pri-alcohol 2.7 : C-CH,CO-
group LB P 3.6 : C-CH,-O-

3.8,4.0,4.1 : C-CH,-OCO-
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Fig. 1. FT-IR spectrum of synthesized ARAA-6-20.
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Fig. 2. '"H-NMR spectrum of synthesized ARAA-6-20.
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Fig. 3. Molecular weight distribution according to change of hydroxyl
value at 20 °C (T,).
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Fig. 4. Molecular weight distribution according to change of hydroxyl
value at 30 °C (T,).
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Fig. 5. Molecular weight distribution according to change of hydroxyl
value at 40 °C (T,).
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Fig. 6. Change of viscosity according to T, change on constant reac-
tion temperature.
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Table 3. Preparation of clear acrylic urethane coatings
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ARAA-12-20/30/40 (g)

Materials ARAA-6-20/30/40 (g)
Acrylic resin containing acetoacetoxy group 493.8
Desmodur BL-3175 239.6
DOWANOL PMA 100.0
Kocosol #100 50.0

DBE 114.7
di-n-butyltindilaurate 1.5
BYK-066N 0.5

Total 1,000.0

424.4 368.2
308.88 365.10
100.0 100.0
50.0 50.0
114.7 114.7
1.5 1.5
0.5 0.5
1,000.0 1,000.0

*Equivalent ratio of NCO/OH = 1.2/1
*Non-volatile content of coating (%) : 55

Table 4. The physical properties of clear acrylic urethane coatings

Ttem AARA-6-20 AARA-6-30 AARA-6-40 AARA-9-20 AARA-9-30 AARA-9-40 AARA-12-20 AARA-12-30 AARA-12-40
Resin viscosity (cP) 3,700 7,400 8,500 5,800 7,000 12,000 7,200 9,500 16,000
Coating viscosity (sec)
(55%, Zahn cup #2) 70 82 84 76 79 87 81 85 90
Pencil hardness F F H H H 2H H 2H 2H
60° Specular gloss >100 >100 >100 >100 >100 >100 >100 >100 >100
Crosshatch adhesion 1 1 0 0 0 0 0 0 0
MEK Rubs 50 55 70 75 74 90 68 95 98
Flexibility (25 °C 2T-Bend)  good good good good good poor good poor poor
Impact resistance good good good good good poor good poor poor

(1/2"#500g*50 cm)
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